The number of railroad events reported to the Agency for Toxic Substances and Disease Registry=s Hazardous Substances Emergency Events Surveillance system increased from 84 in 1993 to 177 in 1998. Comparisons of data on railroad and nonrailroad events were made. Overall results indicate a greater potential public health impact of railroad events. A median number of 2,039 persons were living within a 1-mile radius of railroad events versus 982 for nonrailroad events. The percentage of events during times when people are more likely to be home was also greater for railroad events. Railroad event victims were more likely to need hospital treatment than nonrailroad event victims, suggesting the need for better community planning, a reevaluation of current federal regulations and priorities for railroad hazardous material transport, and enhanced railroad industry commitment to safety.
Introduction
To better understand the public health risks associated with transporting hazardous materials by railroad, the Hazardous Substances Emergency Events Surveillance (HSEES) database, which is maintained by the Agency for Toxic Substances and Disease Registry (ATSDR), was examined for the 1993B1998 period. The objective of the analysis was to (1) ascertain whether railroad events pose a greater risk to public health, i.e., whether they are more hazardous to railroad employees, emergency response personnel, and the general public than other types of hazardous substance events, and (2) to discuss what could be done to lessen this risk.
HSEES collects data on hazardous substance releases and threatened releases (releases that were anticipated and led to an action, e.g., evacuation, but the release did not occur). The purpose of HSEES is to reduce morbidity (injury) and mortality (death) associated with hazardous substance emergency releases. However, HSEES is the only federal hazardous substances release database designed specifically to assess and record the public health effects of hazardous substance emergency events. The other databases are designed mainly for emergency response or regulation and do not actively seek out and verify information on all injuries. 2 For the 14 states participating in HSEES during the 1993B1998 time period, there were more injuries from railroad hazardoussubstance-related events recorded by HSEES than the other federal databases.
The comprehensive nature of the public health consequence data in the HSEES database made it the preferred source of information for this analysis. Table 1 ). The number of nonrailroad events reported also increased proportionately during this period.
Methods

HSEES
Texas accounted for the greatest percentage of railroad events (35.5%), followed by Colorado (12.9%), Washington (12.0%), and Alabama (6.0%). New
Hampshire and Rhode Island reported no railroad events. Texas also accounted for the greatest percentage of nonrailroad events (42.0%), followed by New York, (8.0%), Wisconsin (7.9%) and Washington (7.9%) ( Table 1) .
People Affected
Railroad events were more likely to occur in residential areas and during times when people were more likely to be at home. At least one residence was within a quarter-mile of 45.9% of the railroad events, compared with 37.1% of nonrailroad events. A greater percentage of railroad events (49.4%) occurred on weeknights between 6:01 PM and 6:00 AM, or on weekends. For nonrailroad events, the percentage occurring during these hours was 41.7%.
HSEES defines Avictim@ as a person suffering at least one symptom as a result of an event. Between 1993 and 1998, there were 179 victims of railroad events and 10,967 victims of nonrailroad events. There were victims in 6.8% of railroad events and in 8.3% of nonrailroad events, and the median number of victims (N=1) was the same for both types of events. Of the 159 railroad victims whose sex was known, a larger percentage (81.8%) were male than nonrailroad victims (61.7%).
A greater percentage of members of the public and emergency response personnel were injured during railroad events compared to nonrailroad events. Of all railroad victims, 40.8% (N=73) were members of the general public, 40.2%
(N=72) were employees or contractors of the railroad responsible for the event,
and 19% (N=34) were emergency-response personnel. For nonrailroad events, the greatest percentage of victims were company employees or students (59.3%), followed by members of the public (32.0%), and emergency-response personnel.
(8.6%). The victim category was unknown for 45 nonrailroad victims.
Based on the type of medical treatment received, the injuries of railroad victims were slightly more severe than nonrailroad victims. Although only 49.4% of railroad events occurred on weeknights between 6:01 PM. and 6:00 AM or on weekends, 66.5% of railroad victims were injured then, which is considerably more than the 40.3% of nonrailroad victims injured during these typically Aoff-work@ hours.
The most common symptoms reported in railroad events were respiratory irritation (n=110), eye irritation (n=38), nausea or vomiting (n=27), headache (n=20), and skin irritation (n=14). For nonrailroad victims, the distribution was similar, except for a greater number of reports of dizziness or other centralnervous-system symptoms.
Official evacuation orders were issued in a greater percentage of railroad events (11.8%) than nonrailroad events (10.6%). The median duration of railroad evacuations was longer (4 hours, versus 2 hours for nonrailroad evacuations). The median number of people evacuated in railroad events was larger (N=39) than in nonrailroad events (N=20). An order to Atake shelter in place@ was issued in seven (1.1%) of the railroad events and in 183 (0.8%) of the nonrailroad events.
Most of the persons decontaminated at hospitals as a result of railroad events were members of the general public (55%, N=22). Railroad employees (37.5%, n=15) were next, followed by emergency-response personnel (7.5%, N=3). For nonrailroad events, the distribution of persons requiring decontamination at medical facilities was as follows: 39.6% (N=455) were employees, 35% (N=403) were members of the public, and 25.4% (N=292) were emergency-response personnel. Table 2 compares all nonrailroad and railroad events on the median number of persons who had the potential to be affected within a specified distance States use available information, such as business directories, or make inquiries to estimate the ANumber of people at work@ variable. For areas of all sizes, the median number of people working in the vicinity of the event was higher for nonrailroad events than railroad events. The median number of people living in the vicinity of the event was greater for railroad events than for nonrailroad events.
Actions to control or alleviate the release of hazardous substances were taken during a greater percentage of railroad events (95.5%) than nonrailroad events (91.2%). Emergency contingency plans were also followed during a greater percentage of railroad events (95.2%) than nonrailroad events (90.9%).
The majority of contingency plans used during railroad events were either the Hazmat/emergency response team=s standard operating procedures (42.4%) or an incident-specific, ad hoc plan (34.6%). A higher percentage of contingency plans for nonrailroad events were incident-specific, ad hoc (42.4%), and 31.0% used the Hazmat/emergency response team=s standard operating procedures.
Employees Injured
Seventy-two railroad employees were injured in railroad events and 6,056 employees were injured in nonrailroad events. Approximately 97% of injured railroad employees were males, versus 67% of nonrailroad employees. According to the U.S. Department of Labor, Bureau of Labor Statistics, 88.2% of workers employed by railroads in 1998 were male, compared with 53.8% for all industries 4. The median age of railroad-employee victims was higher (41 years) than nonrailroad-employee victims (35 years).
Between 1993 and 1998, railroad-employee victims of railroad events sustained 110 injuries. The most frequently reported symptoms among railroad employees were respiratory irritation (N=26), nausea and vomiting (N=18), trauma (N=17), and headache (N=15). For nonrailroad-employee victims, the most frequent symptoms were respiratory irritation (N=3,706), eye irritation (N=1,478), nausea or vomiting (N=1,253), and headache (N=1,196). Injuries suffered by railroad employees seemed more severe than those of nonrailroad employees (4.2% of injured railroad employees died, compared with 1.7% of nonrailroad employees). Almost 80% of injured railroad employees were taken to a hospital, whereas 75.2% of nonrailroad employee victims were taken to a hospital. Of railroad-employee victims, 56.9% wore no personal protective equipment (PPE) and 43.1% wore protection at Level D or below, which affords little or no respiratory or skin protection. 5 Of the nonrailroad-employee victims, 71.2% wore no PPE, but 6.8% wore protection at Levels A, B, or C, which affords various measures of respiratory and skin protection.
A greater percentage of railroad-employee victims (61.1%) than nonrailroad employee victims (29.0%) were injured on weeknights between 6:01 PM and 6:00 AM, or on weekends. The states with the greatest number of injured railroad employees were Texas (n=19), Washington (n=14), and Colorado (n=11).
The states with the greatest number of injured nonrailroad employees were Washington (n=1,871), Texas (n=1,043), and North Carolina (n=472).
Substance Released
When a rail car carrying hazardous substances is involved in a derailment, collision, or other incident, it may be difficult to determine at first whether a release has occurred. Damage to the rail car, as well as to any hazardous substance packagings inside, must be fully assessed. While emergency response, wrecking, and cleanup activities are being carried out, there may be a continued threat of release until the potential hazard has been controlled or removed from the site.
Of the 828 railroad events, 754 (91.1%) involved the actual release of hazardous substances into the environment, 38 (4.6%) involved a threatened release, and 36 Table 3) . For nonrailroad events, the categories of hazardous substances most often released were other inorganics (19.9%), other (19.6%), and volatile organic substances (17.5%). For railroad events, pesticides were most often associated with events involving evacuations and victims while for nonrailroad events, chlorine was most often associated with events involving evacuations and victims.
Discussion
People Affected
Railroad events are potentially more harmful to the health of the general public than other types of events for the following reasons: Although transportation-related releases are not covered by the RMP Rule, this analysis found railroad events potentially more harmful to the health of the general public than other types of events. Because most members of the public have not been offered information on how to respond to a transportation-related hazardous substance emergency event, they are less likely to know how to protect themselves in case of a railroad hazardous substance emergency event.
Within DOT, the FRA is the primary source of assessment, rulemaking, and enforcement. Yet FRA=s accident/incident and inspection system did not capture many of the events that the HSEES system captured. Because public health impact should be a major consideration in risk assessment of rail transportation of hazardous materials, the FRA should use HSEES data in its rulemaking.
Employees Injured
In the case of the railroad events analyzed, railroad employees were more likely to suffer trauma. Many of the trauma injuries reported were sustained during crashes and were not caused by chemical exposure.
Besides trauma, the most frequent injuries suffered by railroad employees were respiratory irritation, nausea, vomiting, and headache; this indicates that employees encountered the risk of inhaling or coming into contact with hazardous chemicals while at work. This analysis found that railroad-employee victims wore types of PPE which provided little or no protection from hazardous substances, or wore no PPE at all.
Releases from Tank Cars
DOT determines which hazardous substances must be shipped in tank cars that are best designed to withstand train crashes. To better ensure that hazardous materials posing the greatest risk are shipped in tank cars with the safest designs, the National Research Council=s Transportation Research Board asked DOT in 1994 to develop more quantitative measures for assessing the safety performance of alternative tank car designs 7 . DOT can use incident data from HSEES to rate the safety performance of tank car designs.
Recommendations
For the states and the time period considered, analysis of the HSEES data showed (1) an increase in the number of railroad hazardous substance-emergency events, and (2) that railroad events were potentially more harmful to the health of the general public than other types of events. These findings indicate a need for:
(1) better community planning for railroad hazardous material events, (2) reevaluating current federal regulations and priorities, and ( 
